Objective: The objective of this study was to describe the outcomes of patients with acute aortic syndrome (AAS) during and after transfer to a regional aortic center by a rapid transport system.
Acute aortic syndrome (AAS) encompasses a spectrum of aortic pathologic processes, including symptomatic aortic aneurysms with or without rupture, dissections, symptomatic penetrating aortic ulcers, and intramural hematomas. Patients with AAS diseases carry timedependent mortality and morbidity risks, making prompt evaluation and treatment mandatory. For most patients, successful evaluation and treatment require an institutional combination of multidisciplinary expertise in complex open and endovascular repair as well as established resources and infrastructure. 1, 2 The availability of the institutional expertise and resources required to comprehensively manage patients with AAS is limited, suggesting that regionalization of treatment could potentially improve AAS outcomes. Regionalization requires the development of transport systems that can safely and rapidly move an acutely ill patient from the transferring hospital to the regional center. We recently implemented a regional rapid transport system to facilitate the transfer and care of patients with AAS to our institutional aortic center. The objective of this study was to describe the transport system and to analyze its impact on patient outcomes.
METHODS
Patients. Patients with AAS who were transported to the Keck Medical Center of USC by the Keck Rapid Transport System (KRTS) during a recent 18-month period (December 2013-July 2015) were reviewed. Patients with confirmed diagnoses of symptomatic aortic aneurysms with or without rupture, dissections, symptomatic penetrating aortic ulcers, or intramural hematomas were included. Given that this was a retrospective study, informed consent was not obtained. The Keck School of Medicine of USC Institutional Review Board approved this study.
Institutional electronic medical records and emergency transport company records were used to tabulate patient demographics, comorbidities, admitting signs and symptoms, and transportation type and distance.
Severity of pre-existing comorbidities was then determined by the Society for Vascular Surgery Comorbidity Severity Score (SVSCSS). 3, 4 Components of the score include cardiac disease, pulmonary disease, renal disease, hypertension, and age (Table I) . Scores entered were derived from the information provided by the transferring institution as well as the initial assessment on arrival. The cardiac, pulmonary, and hypertension scores entered were based on the best available clinical information. The SVSCSS was further stratified into quartiles of 0-3, 4-6, 7-8, and >8. Data concerning vital signs (systolic blood pressure [SBP], heart rate, respiratory rate) and serum hematocrit, white blood cell count, and creatinine concentration on admission to the intensive care unit were also collected. With these variables, the degree of physiologic instability was calculated using the Acute Physiology and Chronic Health Evaluation II (APACHE II) scores. APACHE II scores were calculated and stratified into ranges of 0-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34, and >34 as described in the original study by Knaus et al. 5 Time to intervention, calculated as the interval between the arrival to our hospital and the operating room, was recorded. Intraoperative mortality and cause were noted. System-related (transfer and hospital) mortality was defined as patients who died in transport or during the index hospitalization.
KRTS. The KRTS was established at the Keck Hospital of USC as an extension of our Evaluation and Treatment Center (ETC) for the purpose of arranging urgent transfers to our center from outside hospitals. The system is made up of an Aortic Center Hotline operator, nurse practitioners, administrative assistants, and vascular and cardiac surgeons. A call schedule specific to the Aortic Center is composed of vascular and cardiac surgeons who alternate call at weekly intervals. All calls received by the Aortic Center Hotline are immediately evaluated by the on-call cardiac or vascular surgeon. Following the surgeon's acceptance for transfer, ETC staff arranges land or air transport. Mode of transport is determined primarily on the basis of the distance from our center and also by acuity. While the patient is en route, the accepting surgeon and ETC staff activate the intensive care unit team as well as the operating room team, which includes the on-call cardiac anesthesiologist and, depending on the incoming emergency, on-call perfusionist. On arrival, all patients are directly admitted to the intensive care unit, where the patient is assessed and the need for operation determined. This system was designed with the goal of transferring any patient with AAS from a sending facility to Keck Hospital intensive care unit within a 2-hour time frame.
Statistical analysis. Data were captured on an Excel spreadsheet (Microsoft Corp, Redmond, Wash) and transferred to Stata (version 12; StataCorp LP, College Station, Tex) for statistical analysis. System-related mortality was the primary outcome. Categorical variables were compared using c 2 and continuous variables by unpaired two-way Student t-test. A multivariate logistic regression model was created using all variables with P values < .05 on univariate analyses to determine independent factors associated with system-related mortality.
RESULTS
During the study period, requests to transfer 192 patients with AAS were received, 9 of whom were ultimately not transferred. Reasons for nontransfer included cancellation of transfer (five), transfer to another facility (three), and unknown (one). The remaining 183 patients with AAS were transferred, and 180 had true aortic diseases confirmed by computed tomography (CT) scan. Three patients transferred did not have AAS and instead were found to have pancreatitis, gastroenteritis, and necrotizing fasciitis of the thigh. Among patients who were transferred, 81% (148) were transferred by ambulance and 19% (35) were transferred by helicopter. Median distance traveled was 24 miles (range, 3.6-316 miles), with a median transport time of 42 minutes (range, 10-144 minutes). A regional map illustrates the distribution of zip codes of patients transferred (Fig 1) . AAS of transferred patients included type A dissection in 37% (67), type B dissection in 28% (51), aortic aneurysm (including ascending and descending thoracic, abdominal, and blunt aortic injuries) in 28% (51), and penetrating aortic ulcers/intramural hematomas in 6% (11) . Of the patients who presented with aortic aneurysms, 15 had ruptured abdominal aortic aneurysms and three had ruptured thoracoabdominal aneurysms. The mean age of the patients was 65 years (range, 25-95 years). At the originating hospital, the most common presenting symptom was chest pain (55%), and the most common clinical sign was SBP >160 mm Hg (33%). The mean SVSCSS was 6.8 (0-23; Table II) . Two patients died during transfer, one with a type A dissection, the other of a ruptured aortic aneurysm. The patient with a type A dissection was a 64-year-old woman who presented with chest and back pain. After several hours at the sending hospital, the diagnosis of a type A dissection was confirmed by CT scan. She was transferred by helicopter. During flight, the patient sustained a cardiac arrest. Advanced cardiac life support was initiated and continued into the intensive care unit, where the patient was pronounced dead. The other patient death was a 69-year-old man who presented with severe abdominal pain. After the diagnosis of a ruptured aortic aneurysm was made, transfer by ground was initiated. En route, the patient became unstable and was diverted to another hospital, where he had a cardiac arrest and died. On arrival to the intensive care unit, 78% of patients had SBP of 90 to 160 mm Hg, 12% had SBP >160 mm Hg, and 10% had SBP <90 mm Hg. The mean APACHE II score was 8.7 (0-37; Table III ). All patients had CT scans before transfer. If imaging was deemed not adequate for management and operative planning, patients were reimaged at our facility on arrival. Sixty patients were managed nonoperatively with an associated mortality of 17%. Six died in the intensive care unit before planned operative intervention, and four patients were placed on comfort care after it was determined that intervention would be futile.
The remaining 118 patients underwent operative intervention (Table IV) . Median time to intervention from arrival to the intensive care unit was 6 hours. Median time to operation for each AAS is listed in Table V . For patients with ruptured abdominal aortic aneurysms, management involved the initial use of local anesthetic to obtain bilateral groin access and then use of an aortic occlusion balloon to rapidly gain vascular control. In addition, permissive hypotension before intervention was used.
Overall operative mortality was 11%. There were two intraoperative mortalities, one a patient with a type A dissection, the other a patient with an aortocaval fistula. The first patient with a type A dissection arrested on induction of anesthesia. The patient could not be resuscitated and was found to have pericardial tamponade. The second intraoperative death occurred in a patient with an abdominal aortic aneurysm and CT scan evidence of an aortocaval fistula. On induction of anesthesia, the patient sustained a cardiac arrest. Despite immediate placement of an aortic occlusion balloon, the patient could not be successfully resuscitated. Considering all 180 patients transferred with AAS, the system-related mortality was 15% and is categorized by patient diagnosis in Table VI . Factors found to be associated with system-related mortality on univariate analysis are listed in Table VII . The patient comorbidities of age $65 years (P ¼ .026), coronary artery disease (P ¼ .030), prior myocardial infarction (P ¼ .049), prior coronary revascularization (P ¼ .002), and SVSCSS of >8 (P < .001) were found to be significant, as was the diagnosis of aortic aneurysm (P ¼ .013). Patients who presented to the sending hospital with SBP <90 mm Hg (P ¼ .001) and abdominal pain (P ¼ .002) and those who presented with SBP <90 mm Hg (P < .001) and APACHE II score >10 (P ¼ .004) on arrival were also found to be determinants of systemrelated mortality. Of note, distance traveled (P ¼ .36), transport mode (P ¼ .14), or transport time (P ¼ .27) was not associated with system-related mortality.
A multivariate logistic regression model for systemrelated mortality was then constructed using variables in Table VIII . Only SVSCSS of >8 (odds ratio, 7.73; 95% confidence interval, 2.32-25.8; P ¼ .001) remained independently associated with system-related mortality. A forest plot depicting the multivariate logistic model is shown in Fig 2. 
DISCUSSION
Whereas centralization of care in patients with AAS is appealing, the process of transfer raises the concern that definitive treatment could be delayed and lead to compromised patient outcomes. To more fully evaluate this concern, a number of recent studies have evaluated the impact on survival of transferring patients with AAS to regional centers. In a prospective observational cohort study from the Netherlands, van Beek et al analyzed consecutive patients with ruptured abdominal aortic aneurysms who were admitted to 10 hospitals in Amsterdam before and after regionalization of care. They found that before regionalization, survival for patients with a ruptured aneurysm was 46%, which was significantly improved to 58% after regionalization. 6 Mell et al, using
the Healthcare Cost and Utilization Project State Inpatient Databases and Emergency Department Databases from California, Florida, and New York, demonstrated that transfer of patients with a ruptured abdominal aortic aneurysm was associated with improved survival. However, when the 17% of patients who died during transfer were included, the overall mortality was actually increased. 7 At the Minneapolis Heart Institute, following institution of a protocol designed to regionalize the care of patients with acute aortic dissections in a 32-hospital network, a significant reduction in time from diagnosis to definitive repair was demonstrated and associated with a trend toward improved survival. 8 Finally, after the development of a centralized regional system for patients with AAS, the Cleveland Clinic noted drops in the overall mortality and surgical mortality from 19% and 10% to 10% and 4%, respectively.
9
These experiences provided mixed results but were published as endovascular techniques were evolving to become the mainstay for management of ruptured abdominal aortic aneurysms with an associated decrease in mortality. Furthermore, endovascular innovation during the same time frame dramatically changed the management of patients with type B dissections. Last, endovascular approaches have resulted in a more aggressive treatment posture toward patients with extensive comorbidities who previously were not candidates for an open operation. The development of endovascular treatments for many AAS diseases has resulted in an increased desire to explore and to develop regionalization of care for AAS. It is in this context that the regional transport system described in this paper was developed.
In developing a regional transport system, whether to use air or land transportation has been a subject of debate. Use of air transport in trauma patients has been shown to be safe and expedient. 10 However, demonstrating the benefit of this mode over ground transportation is elusive because high patient acuity and long transport distances are commonly associated with activation of air transport. These confounding variables limit any analysis on the competing advantages of ground vs air transport as was evident in a recent Cochrane review that failed to demonstrate a survival benefit of air over ground transport. 11 Similarly, a retrospective study showed that air transport did not improve survival compared with ambulance transportation for patients with a type A dissection. 12 Mell et al also found that distance traveled did not have an impact on overall mortality in transferred patients with ruptured abdominal aortic aneurysms. This is consistent with our findings, demonstrating that in our regional transport system, transport factors including mode and distance had no impact on mortality; rather, individual patient factors and characteristics are the driving determinants of outcome.
Consequently, it appears that prompt transfer of patients with AAS by either land or air transport to regional aortic centers can be of benefit and may facilitate the stabilization of important physiologic parameters. Stabilization of the patient's heart rate and SBP before transfer was shown to be important in a retrospective study of the centralized aortic network at the Cleveland Clinic. 13 In our study, physiologic instability on arrival as evidenced by low SBP and elevated APACHE II scores portended a decreased chance of survival on univariate analysis. Our transport paradigm is designed to rapidly address physiologic issues by direct admission of the patient to the intensive care unit and immediate access to the operating room when indicated. Consequently, our overall approach has been to minimize attempts at stabilization by the sending facility, preferring to transfer the patient as rapidly as possible. Although multiple clinical variables including physiologic compromise were associated with system-related mortality, only the SVSCSS was an independent predictor. This suggests that pre-existing conditions may be more determinative than acute physiologic perturbations and other clinical factors, which may be correctable. The negative impact of underlying comorbidities in patients with acute aortic diseases has been previously recognized. In a recent review of Medicare beneficiaries, patients who underwent stent graft placement for aortic dissection had significantly worse survival if they had a history of myocardial infarction, congestive heart failure, atrial fibrillation, chronic obstructive pulmonary disease, chronic kidney disease requiring dialysis, and history of stroke.
14 Despite the studies cited, definitive nationwide transfer guidelines for patients with AAS have yet to be established. A recent survey queried vascular surgeons in the western United States regarding determinants of transfer for patients with a ruptured abdominal aortic aneurysm. The survey demonstrated that the criteria used by surgeons to determine which patients were appropriate for transfer were variable, and a majority of surgeons did not consider existing patient comorbidities relevant in the decision-making. 15 In contrast, our study demonstrates that an SVSCSS >8 is a strong predictor of system-related mortality. An elevated SVSCSS overpowered a large number of individual clinical variables found to be significant on univariate analysis. This suggests that the SVSCSS could be considered a unifying surrogate and may be of value as a pretransfer metric. Elevated SVSCSS could assist physicians in determining the appropriateness and ultimate success of a transfer, thus decreasing needless transfers and subsequent futile therapy. This study has several limitations. It is a retrospective analysis of a single-institution regional transport paradigm, thus making it not necessarily generalizable to other institutions or regions. We also do not have information on those patients not transferred with AAS. Thus, the possibility exists that our patients represent a select group who were relatively stable compared with those who were not transferred because they either died or were so unstable that they were taken to the operating room at one of the transferring hospitals. Nevertheless, although these factors may limit generalizability, the results of our institution's transfer process add to the growing reported experience on regional transfer strategies for AAS.
CONCLUSIONS
This reported experience demonstrates that the availability of rapid patient transport to a regional aortic center can facilitate safe and effective transfer of patients with AAS. Importantly, the transport mode, time of transportation, and distance traveled had no association with system-related mortality. Rather, system-related mortality was determined by the patient's pre-existing comorbidities as reflected by a high SVSCSS. Thus, in designing regional transport systems for AAS, underlying comorbidities of the patient should be one of the factors considered.
